Abstract The species of the genus Chlorociboria Seaver are very common on the forest floor, and can be easily distinguished by small and numerous blue-green fruitbody, especially the blue substrate dyed with xylindein produced by this group. This genus has rather high species diversity in the Southern Hemisphere, while a little attention was paid to this group in East Asia area. During a field survey in South Korea, several Chlorociboria specimens were collected. Based on morphological and phylogenetic analyses, three species of Chlorociboria were reported, including one new record in South Korea and one new record in Jeju Island. The key to the species of Chlorociboria from South Korea is provided.
Mycobiology
The Genus Chlorociboria, Blue-Green Micromycetes in South Korea 8 ], but only two species have been recorded in the South Korea mainland and Ulleung Island [9, 10] . During a field survey in 2016, several specimens of Chlorociboria were collected. Based on morphological and phylogenetic analyses, three species were confirmed, including one new record in South Korea. The distribution ( Fig. 1 ) and key to the Chlorociboria species in South Korea are described here.
MATERIALS AND METHODS
Specimens and morphological observation. The samples collected from South Korea were preserved in Korean Lichen Research Institute. Specimen examination and hand-sectioning was conducted under a dissecting microscope (SMZ 745T; Nikon, Tokyo, Japan). All anatomical [12] were used to amplify the ITS. Protocols for PCR amplification and sequencing were conducted as described by Liu et al. [13] .
Sequence alignment. Newly generated ITS sequences and selected sequences of Chlorociboria from GenBank (Table 1) were assembled using SeqMan (DNAstar packages) and edited by BioEdit 7.09 [14] , and then automatically aligned with MAFFT v7.273 [15] . Ambiguous regions were identified and excluded using Gblocks [16] with the following parameters: for a conserved position, 24; minimum number of sequences for a flanking position, 25; maximum number of contiguous non-conserved positions, 3; minimum length of a block, 2; and allowed gap positions, with half.
Phylogenetic analysis. Maximum likelihood (ML) optimality criterion and Bayesian inference were used to construct phylogenetic trees. Gaps were regarded as missing. TIM + I + G were selected best-fitted substitution models based on the Akaike Information Criterion using jModelTest 3.7 [17] . Bayesian inference analyses were performed with MrBayes v3. Phylogenetic trees were summarized using the sump and sumt commands with burn-ins discarded. Bayesian posterior probabilities were estimated from the frequencies of branches among all trees, and clades with posterior probabilities ≥ 0.95 were considered as significantly supported. ML inferences were made using RAxML v7.2.6 [19] with the GTR-GAMMA model. Bootstrap frequencies were estimated from the consensus tree built with 2,000 trees obtained from nonparametric bootstrapping pseudoreplicates. Botrytis cinerea and Sclerotinia sclerotiorum were selected as the outgroup.
RESULTS AND DISCUSSION
The ITS matrix aligned by MAFFT, contains 47 sequences, including 16 species and 1 subspecies of Chlorociboria, and the matrix contains 496 sets. After Gblocks, 44 positions were ambiguously aligned and 452 (91%) positions were reserved for phylogenetic analyses. The phylogenetic tree is shown in Fig. 2 . In contrast to previous studies [2, 6] , the ITS phylogenetic tree in this study indicated that the species of Chlorociboria forms a strong supported monophyletic clade except for with C. argentinensis. Chlorociboria poutouensis from Korea is more closely related to the China collection (KC904943) than the New Zealand specimen (AY755352). Based on morphological and phylogenetic analyses, three species were confirmed in South Korea, and C. poutouensis was newly reported in South Korea.
Taxonomy.
Chlorociboria aeruginascens (Nyl.) Kanouse ex C.S. Ramamurthi, Korf & L.R. Batra (Fig. 3A, D Remarks: This species can be easily distinguished by its longer stalk and frequently several apothecia arising from the same dark mycelial patch. C. aeruginascens is most similar to C. aeruginosa, but it differs from the later owing to the much smaller ascospores (5.6-7.5 × 1-1.8 μm vs. [11.7] 12.45-16.58 [16. 98] × 2.3-3.2 μm), Park et al. [9] reported C. aeruginascens in Gwangneung and Paldasan, and the size of asci (77.5-110 × 7.5-10 μm) and ascospores (17.5-25[16. 98] × 4-5 μm) they recorded were much larger than those of our samples and other collections from North America and China [1, 20] ; therefore, it may be a misidentification of this species. Comparison with the description of Dixon (1975) [1] based on materials from the United States, Canada, and China, the South Korean collections have smaller apothecia (< 2 mm vs. disc < 5 mm in diam.). The blue-green straining into the wood is deeper than that appearing on the C. aeruginosa, frequently up to 5 mm; this species is a new record of Jeju Island.
Chlorociboria aeruginosa (Oeder) Seaver ex C. S. Ramamurthi, Korf & L. R. Batra (Fig. 3B, 3E, 3H and 3K) . ≡ Helvella aeruginosa Oeder, Fl. Danic. 3: tab. 534: 2 (1770). Apothecia superficial, develop on decayed or decorticated stump or wood, solitary to gregarious, but never with several apothecia arising from the same mycelial patch; disc cupshape and discoid, 0.5-3 mm, blue-green to dark blue; receptacle glabrous when fresh and tomentose when dry, concolorous with disc or much more aeruginous; stipe central or slightly eccentric, up to 1.8 mm, concolorous with receptacle, typically becomes dark towards the base; hymenium hyaline to aeruginous, 68-106.6 μm; subhymenium hyaline, textura intricata, 6-20 μm; medullary excipulum hyaline, textura loosely intricata, 125-280.5 μm; ectal excipulum textura angularis, hyaline to blue-green, 26-40 μm, surface cells giving rise to straight or coiled, strongly granulate tomentum hyphae; asci cylindric-clavate, slightly tapered towards the apex and long stalk, 58-78 × 5.3-6. Chlorociboria poutouensis P. R. Johnst. (Fig. 3C, 3F, 3I and 3L). Apothecia superficial, develop on decay or decorticated stump or wood, solitary to gregarious, never with several apothecia arising from the same dark mycelial patch; disc cup-shape and discoid, 0.8-3 mm, white to slightly bluegreen when fresh, bright yellow to orange when dry; receptacle glabrous aeruginous or dark blue-green; stipe central or slightly eccentric, up to 1.2 mm, dark blue-green near top, typically becomes black toward the base; hymenium hyaline to aeruginous, 80-110 μm; subhymenium hyaline, textura intricata, 20-31 μm; medullary excipulum hyaline, textura loosely intricata, 170-190 μm; ectal excipulum textura angularis, blue-green, 40-70 μm, surface cells giving rise to straight or coiled few to numerous tomentum hyphae; asci cylindric-clavate, slightly tapered towards the apex and long stalk, 80-100 × 7.5-9 μm, 8-ascospores; ascospores fusiform-elliptic, with blunt or slightly sharp apices, hyaline or with green content, prominently biguttulate or with several smaller guttules, Remarks: Chlorociboria poutouensis is distinguished by a hymenium more or less white or pale yellow when fresh and yellow to orange when dry. This species was recently recorded in China [20] and New Zealand [6] ; compared with their description, specimens in South Korea shared similar characters in disc, stipe, asci, and ascospores, but the hymenium is shorter.
